Introduction
============

The epithelial tumors of the ovary are derived from surface epithelium of the ovary. They are classified into serous, mucinous, clear cell, endometrioid, the Brenner, mixed, and undifferentiated types and are graded into benign, borderline, and malignant categories ([@B1]). Cytokeratin (CK) and vimentin are the main intermediate filaments or cytoskeleton proteins found in mammalian cells. Cytokeratin is found in the epithelial cells and their tumors. Cytokeratin consists of a family of 20 different polypeptides, numbered 1 to 20, according to differences in molecular weight and isoelectric pH. Vimentin is a 57-kD intermediate filament, which possesses specificity for the cells of mesenchymal origin. The coexpression of intermediate filaments particularly cytokeratin and vimentin isobserved in numerous normal and neoplastic tissue ([@B2]-[@B4]). Thus, the current study aimed at investigating 66 common epithelial ovarian tumors to ascertain the frequency and patterns of intermediate filament coexpression (cytokeratin and vimentin) and characterizing these tumors to determine the diagnostic relevance, particularly in distinguishing benign, borderline, and malignant epithelial tumors of ovary.

Materials and methods
=====================

Sixty-six common epithelial tumors of the ovary were obtained from the gyn-pathology records of Narayana Medical College and Hospital, Nellore, India, from January 2013 to January 2015. At least twoparaffin blocks were available from each case. One normal ovary fixed in buffered formalin was studied. The epithelial tumors of ovary were classified and graded according to histologic classification of ovarian tumors by the World Health Organization (WHO) into benign, borderline, and malignant grades of serous, mucinous, endometrioid, clear cell, and transitional cell tumors, as well as carcinosarcoma in epithelial stromal tumors ([@B4]).

Normal tissue and neoplasms were studied using anti-cytokeratins AEI/AE3 (Monoclonal Mouse Anti-Human Cytokeratin Clones AE1/AE3; DAKO, Denmark), and anti-vimentin (Monoclonal Mouse Anti-Vimentin, Clone V9; DAKO, Denmark).

Four micron paraffin-embedded tissue sections of normal and neoplastic were applied to glass slides (Biogenex optiplus^TM^microscope slides) coated with 0.1% poly-D-lysine. The tissue sections were immunohistochemically stained using an avidin-biotin peroxidase complex (ABC) method. AEI/AE3 (pancytokeratin) and vimentin antibody were utilized at a dilution of 1:50 in buffer.

The sections were rehydrated by sequential immersion in xylene, graded concentrations of ethanol, and tap water. Slides were kept in citrate buffer (pH 9) and two cycles of heat retrieval were done in oven at 99^º^C for ten and five minutes, respectively. Slides were washed in Tris buffer (pH 7.8). All tissue sections were incubated with hydrogen peroxide for 10 minutes to eliminate endogenous peroxidase activity. Sections were washed thrice in Tris buffer, followed by 30 minutes incubation with cytokeratin and vimentin antibodies. Secondary antibody (Dako REAL^TM^ Envision^TM^) was added after washings with Tris buffer for 40 minutes. At the end, chromogen diaminobenzidine (DAB) was added for 10minutes, followed by counterstaining with hematoxylin for two minutes, sequential immersions in xylene and alcohol and mounting with distyrene plastisizer xylene (DPX).

To rule out instability of reagents, positive and negative controls were run simultaneously with patient's specimen. If unexpected staining was observed, which cannot be explained by variations in laboratory procedures and a problem with the antibody was suspected, the test was discarded and a new test was performed again with a new kit.

Normal cervical squamous epithelium served as a positive control for cytokeratin and myometrium as a positive control for vimentin. The used negative control was Dako Mouse IgG1, code number X 0931, diluted to the same mouse IgG concentration as the primary antibody.

Hispathological examination and immune-histochemical characterization were done by two pathologists, individually, to reduce observer bias.

Based on the intensity of color produced by staining in more than 50% of cell population, it was scored as follows:

1+, weak staining

2+, moderate staining

3+, strong staining

Data were collected and evaluated using the statistical package SPSS version 22 for Windows (SPSS Inc., Chicago, IL). The Fisher exact test was used to analyze the data and P-value was calculated wherever required. *P*-value ≤0.05 was considered statistically significant.

Results
=======

According to histologic classification of ovarian tumors by WHO, ovarian epithelial tumors were classified into 41 serous tumors (28 benign, five borderline, and eight malignant), 17 mucinous tumors (seven benign, six borderline, and four malignant), six endometrioid tumors (five benign and one malignant) and two transitional cell tumors with one benign and one borderline grade. No clear cell tumor and epithelial stromal tumor were detected ([Table1](#T1){ref-type="table"})

###### 

Detection of Cytokeratin and Vimentin in Common Epithelial Ovarian Neoplasms

  Tumor                           Number   Cytokeratin Grade   Vimentin Grade   P-value                                      
  ------------------------------- -------- ------------------- ---------------- --------- ------- -------- -------- -------- -------------
  Serous tumors                   41                                                                                         
  Benign (cystadenoma)            28       28                  0                0         0       0        4        24       \<0.001
  Serous borderline tumor         5        5                   0                0         0       3        2        0        
  Serous adenocarcinoma           8        4                   1                3         5       2        1        0        
  Mucinous tumors                 17                                                                                         
  Benign(cystadenoma)             7        7                   0                0         0       0        1        6        \<0.001
  Mucinous borderline tumor       6        5                   1                0         0       0        4        2        
  Mucinous adenocarcinoma         4        3                   0                1         0       0        1        3        
  Transitional cell tumors        2                                                                                          
  Brenner tumor                   1        1                   0                0         0       0        1        0        0.333
  Brenner borderline tumor        1        1                   0                0         0       0        1        0        
  Transitional cell carcinoma     0        \-                  \-               \-        \-      \-       \-       \-       
  Endometrioid tumors             6                                                                                          
  Benign(cystadenoma)             5        3                   2                0         0       4        1        0        0.061
  Endometrioid borderline tumor   0        \-                  \-               \-        \-      \-       \-       \-       
  Endometrioid adenocarcinoma     1        1                   0                0         0       1        0        0        
                                  **66**   **58**              **4**            **4**     **5**   **10**   **16**   **35**   **\<0.001**

![IHC expression of CK AE1/AE3 and vimentin in normal ovary](ijp-13-023-g001){#F1}

In the normal ovary, pancytokeratin was positive with high intensity on the surface epithelium, with mildly appreciable vimentin reactivity. Vimentin 3+ was observed in endothelium, granulosa cells of ovarian follicle and ovarian cortical stroma.

Granulosa cells showed moderate coexpression of cytokeratin with vimentin ([Figure 1](#F1){ref-type="fig"}).

All ovarian epithelial tumors were positive for cytokeratin expression. Serous tumors of ovary exhibited vimentin expression depending on the degree of differentiation. Vimentin expression was absent in 24/28 (85.71%) of cases withbenign serous tumors. All borderline and malignant serous tumors were positive for vimentin with different degrees of positivity. The 3+ grade for vimentin was present in 5/8 (62.5%) and 2+ grade in 2/8 (28.57%) of cases withserous adenocarcinoma. No borderline serous tumor showed grade 3+ expression for vimentin, 3/5 (60%) of cases were 2+ grade and 2/5(40%) were 1+ grade. The relationship between CK and vimentin expression were statistically significant ([figures 2](#F2){ref-type="fig"}, [3](#F3){ref-type="fig"}, and [4](#F4){ref-type="fig"}).

![IHC expression of CK AE1/AE3 and vimentin in serous cystadenoma ovary](ijp-13-023-g002){#F2}

![IHC expression of CK AE1/AE3 and vimentin in borderline serous tumor of ovary](ijp-13-023-g003){#F3}

![IHC expression of CK AE1/AE3 and vimentin in malignant serous tumor of ovary](ijp-13-023-g004){#F4}

Mucinous tumors of ovary exhibited much less vimentin expression unrelated to the degree of differentiation. Out of seven benign mucinous tumors, six (85.71%) were negative for vimentin and one (14.29%) case exhibited mild vimentin positivity. Neither borderline mucinous tumors nor the mucinous adenocarcinoma displayed high grade vimentin positivity. Mild vimentin expression was noticed in 4/6 (66.67%) cases of borderline mucinous tumors and 1/4 (25%) cases in mucinous adenocarcinoma. The rest of the borderline and malignant mucinous tumors were negative for vimentin. CK and vimentin expression were significantly associated with mucinous tumors of ovary ([figures5](#F5){ref-type="fig"}, [6](#F6){ref-type="fig"}, and [7](#F7){ref-type="fig"}).

![IHC expression of CK AE1/AE3 and vimentin in benign mucinous tumor of ovary](ijp-13-023-g005){#F5}

![IHC expression of CK AE1/AE3 and vimentin in borderline mucinous tumor of ovary](ijp-13-023-g006){#F6}

![IHC expression of CK AE1/AE3 and vimentin in malignant mucinous tumor of ovary](ijp-13-023-g007){#F7}

Endometrioid and transitional tumors illustrated vimentin co-positivity, but much less related to the degree of differentiation. Both benign (4/5 cases; 80%) and malignant (1/1; 100%) endometrioid tumors showed 2+ grade for vimentin. Both benign and borderline transitional tumors showed 1+ grade for vimentin. However, the relationship was not statistically significant.

Discussion
==========

The analysis of distinct classes of intermediate filament (IF) protein expressed by immune-histochemistry (IHC) in neoplastic cells, is acknowledged as a valuable diagnostic tool. The current study precisely examined all types of pure ovarian epithelial tumors to ascertain the profiles of cytokeratin and vimentin and to address characteristically the frequency and pattern of intermediate filaments coexpression. Such information may be diagnostically useful since it is shown that coexpression may occur in a number of malignant neoplasms such as renal cell, endometrial, papillary thyroid carcinomas, some ovarian carcinomas, etc ([@B5]).

In normal ovaries, surface epithelial cells are strongly immunostained for CK AE1/AE3 and faintly expressed vimentin. The expression of CK and vimentin in ovarian surface epithelium was not surprising depending on its embryonic origin from the coelomic epithelium, which demonstrates similar expression ([@B6]). Granulosa cells of ovarian follicles showed the presence of both CK AE1/AE3 and vimentin in all stages of development, with some deviations, depending on the developmental stage. Granulosa cells of primary and secondary follicles, moderately represented CK AE1/AE3 expression with the decrease in number of positive cells in the Graafian follicles. On the contrary, immunostaining of vimentin in granulosa cells usually remained unchanged during all the follicular development. The expression of CKs and vimentin in ovarian granulosa cells are also described in the literature written in English ([@B6]-[@B8]). These findings are backed by the origin of granulosa cells from mesonephricduct epithelium, where this expression was observed ([@B9]).

CK and vimentin expression was present in 31/66 (46.97%) of cases with epithelial tumors of ovary. It was associated with the type of tumor as well as the degree of differentiation.

In serous tumors, vimentin expression was inversely related to the degree of differentiation. The predominant pattern of staining was peripheral (membranous). Degree of positivity for vimentin was less in benign serous tumors (negative in 85.71% cases), compared with borderline and malignant tumors. Thus, the absence of vimentin expression was highly suggestive, but not diagnostic for benign differentiation of serous tumor of ovary. Also, it was found that no borderline serous tumors showed 3+ for vimentin, but 2+ (60%) and 1+ (40%) were noticed and 62.50% of malignant serous tumors demonstrated 3+ staining depth. Therefore, high intensity of staining for vimentin was indicative for malignant differen-tiation in serous tumors of ovary. It was indicated that vimentin expression in epithelial cells may be explained as epithelial to mesenchymal transition and reduced cell-to-cell contact ([@B10]). This also suggested that increased expression of vimentin in malignant epithelial ovarian tumors was certainly related to the dedifferentiation of epithelial cells. This view was further supported by the well-established fact that vimentin belonged to the early response competence gene family and different cells during their differentiation replaced vimentin partially or entirely with their cell specific intermediate filament subunit. Moreover, recent experiments linked over expression of vimentin with inhibition of differentiation ([@B11]).

A study conducted by Viale et al., showed that in serous tumors, the expression of vimentin was related to the degree of tumor differentiation ([@B12]). But, it was consistently identifiable in the better differentiated tumors; against the current study where it was defined in borderline and malignant serous tumors. In a study conducted by Dabbs DJ et al., 42% serous carcinoma displayed vimentin expression, but was not related to the degree of differentiation ([@B13]). Tenghou et al., demonstrated strong vimentin and cytokeratin expression in all six cases of serous carcinoma correlated with the current study where all cases were positive for vimentin with 5/8 (62.5%) cases showing strong positivity ([@B14]).

In a study conducted by Matsuzaki et al., 5/23 (21.73%) cases with serous cystadenoma showed vimentin expression. It was similar to the current study showing vimentin expression in 4/28 (14.29%) cases of serous cystadenoma ([@B15]).

In ovarian mucinous tumors, the pattern of epithelial cells staining with vimentin was peripheral. The intermediate filaments coexpression was associated with the type of tumor and unrelated to the degree of differentiation. It was similar to the researchers conducted by Viale et al., and Dabbs DJ et al. ([@B12], [@B13]) Hence, no case of strong vimentin positivity was identified in benign, borderline, and malignant mucinous tumors, which was correlated with the current study.

Dabbs DJ et al., conducted a study on 79 cases of epithelial tumors of ovary and analyzed eight cases of mucinous cystadenocarcinoma. No case of mucinous adenocarcinoma with vimentin expression was detected by them ([@B13]). In a recent publication by Kir G et al., vimentin was present in 18% of mucinous ovarian carcinomas. ^\[16\]^ According to the current study, 3/4 (75%) of the cases were negative for vimentin and only one (25%) case of mucinous adenocarcinoma displayed mild vimentin positivity, similar to the study by Kir G et al.

In a study by Matsuzaki et al., no vimentin expression was observed in the studied 20 mucinous cystadenoma cases ([@B14]). According to the current study, only 1/7 (14.28%) mucinous cystadenoma cases displayed mild vimentin positivity.

Thus, it combined a low sensitivity with high specificity to identify the type of tumor as serous; endometrioid and transitional tumors displayed stronger vimentin expression than mucinous tumors. Absence of vimentin decoration in epithelial tumors of ovary is highly suggestive of mucinous tumors unrelated to the degree of differentiation. The scant expression of vimentin in mucinous tumors may be correlated to the predominance of 'colonic type' mucinous cells.

In the ovarian endometrioid carcinomas, no association of tumor differentiation was found with the degree of expression of intermediate filaments. Both benign endometrioid (4/5; 80%) and malignant endometrioid tumors (1/1; 100%) showed perinuclear staining with moderate vimentin expression. In a study by Viale et al., the number of endometrioid carcinomas demonstrating perinuclear vimentin positivity were 71%. However, correlation with the previous studies was difficult, since different antibody and markedly different digestion procedures were used in the studies.

The ovarian surface epithelium along with endometrium, endocervix, and the upper part of the vagina are a form of mullerian epithelium. Their intermediate filaments composition is identical to mesothelium. Of the mullerian epithelial tissue, endometrium displays vimentin normally, as well as in neoplasms. In the normal proliferative endometrium expression of vimentin,it exhibits cyclic sensitivity to the hormonal milieu. The greater regularity with which vimentin is expressed in endometrial and ovarian endometrioid carcinomas in comparison to serous ovarian carcinomas may reflect differential hormonal sensitivity of the neoplastic cells. This phenomenon also correlates with normal endometrial differentiation in which the proliferating endometrium (the architecture of which is changing daily) routinely expresses vimentin whereas in the differentiated secretary endometrium, vimentin is largely absent. Thus, both benign and malignant endometrioid tumors of ovary express vimentin intermediate filament regardless of the degree of differentiation ([@B17]).

Transitional cell tumors of the ovary are a relatively unusual neoplasm. They constitute only 1.4% to 2.5% of epithelial tumors of ovary and have a predilection for the postmenopausal females. Most of them are benign and less than 5% are proliferating or borderline ([@B18]). Only two cases (0.03%) of transitional cell tumors were noticed, one benign and one borderline and both showed mild vimentin decoration. Thus, intermediate filaments co-expression is not linked to the degree of differentiation in Brenner tumors of ovary. Previously, no studies were conducted on the cytokeratin and vimentin expression in ovarian transitional cell tumors.

Conclusion
==========

Immunohistochemically, there are distinct differences of intermediate filament profile expression within the groups of benign, borderline, and malignant common epithelial ovarian neoplasms. Epithelial-mesenchymal transition such as processes might be involved in the pathogenesis of serous tumors of ovary. Cytokeratin-vimentin expression occurs in all ovarian serous carcinoma and endometrioid adenocarcinoma. Thus, these tumors can be added to the list of neoplasms, which coexpress cytokeratin and vimentin.
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